House-hold PV panels are widely used; however, their performance is significantly degraded under real operating conditions. Environmental factors such as ambient temperature, wind speed, and solar irradiance has a major impact on the house-hold PV panel efficiency. In this paper an experimental study was conducted during the winter period in a single building in Minqin county, Gansu province, China. The experimental measurements were used to quantify the house-hold PV panel performance and operating characteristics. Based on the experimental results the house-hold PV panel performance is basically affected by the PV surface temperature, therefore, multilevel of energy is detected. Approximately 3% efficiency variation is detected due to the impact of the environmental factors.
In order to address the influence of ambient temperature on the PV panel functionality, two parameters exist short circuit current sc I and open circuit volts oc V . When the PV module temperature is increasing, the short circuit witnessed an insignificant increase (ranged between 0.04 and 0.09%/K), in contrast to open circuit voltage, it suffers a considerable degradation (up to −0.45%/K for crystalline silicon) [16] [17] . The efficiency of the PV panel is varied according to the PV type under consideration. In the body of literature, it was reported that when the ambient temperature increased by 1˚C, the efficiency is reduced within the range of 0.35% -0.8% [18] [19] [20] [21] . An experimental work concerns the effects of temperature coefficient on several silicon-based PV types, which reveals a loss of 3% -5% occur as a result of 10˚C variation [22] .
Some publications addressed the influence of ambient temperature on the PV panel performance considering geographical localization. Within the context, the Crystalline PV panel showed a reduction of 0.45% when the temperature rises 1˚C in [23] and 0.5 in [24] . For materials such as amorphous silicon, cadmium Telluride and copper-indium-gallium-diselenide which are used in thin film PV panels, the performance degradation falls in the range of 0.21% -0.36% [25] [26] [27] [28] . Generally, the increment in the ambient temperature is correlated with performance degradation, and this fact is revealed in [29] [30] . By considering a water-based cooling technique, the PV surface temperature witness a reduction ranged 5˚C to 23˚C which enhance the performance from 0 % to 22% [31] .
Many researchers have proposed different approaches regarding the influence of wind on the PV module temperature. Wind has the ability of cooling the PV module within the range of 15˚C -20˚C when the wind speed is 10 m/s under 1000 W/m 2 of solar irradiance [32] . A considerable variation on the PV panel operation characteristic is detected due to the high dynamic nature of the Wind [29] [33]. In highly dynamic wind regions, the PV panel performance reaches up to 18%, according to the experimental results in [34] . However, the influence of the wind speed on the PV panel performance is quietly trivial in contrast to the ambient temperature and solar irradiance. A method known as in-situ is considered in order to examine the experimental data and for validation purpose. One drawback associated with this method is that, the experimental data need to be Generally, the house-hold PV panel is affected by numerous environmental factors such as seasonal variation, humidity, rainfall, positioning, etc. However, the influences of these factors are not considered in this investigation.
Regarding the unique weather conditions of Minqin County, the house-hold PV panel performance is expected to vary in many aspects. Accordingly, the main objective of this work is to quantify the performance of the house-hold PV panel and reveal the operating characteristics as well based on the experimental results.
A house-hold PV panel system was built and tested as well. The environmental factors are measured and recorded through the data acquisition equipment.
The experimental results are extensively analyzed and discussed.
Photovoltaic Surface Temperature Theory
The relationship regarding the ambient temperature (T a ) and the photovoltaic surface temperature (T pv ) is nearly linear. Basically, the variation of (T pv ) and 
The most common expression addressed the PV module temperature is given in Equation (2)
where NOCT T is the temperature at nominal operating cell temperature ( (
is varying according to the PV technology a typical value for NOCT T is 45˚C. According to the literature, the typical PV operating temperature is at 45˚C, the best at 33˚C and the worst at 58˚C [38] .
This expression does not consider the wind cooling influence.
A compact PV temperature expression is given by:
0.035
In order to consider wind speed factor, the following expression can be used:
PV Efficiency Theory
The efficiency of the PV panel is positively influenced by wind speed. However, this influence is not vital. Within the body of literature, it is reported that, the 
where α and τ are absorptance and transmittance respectively. AM is the air mass (1.6) [39] , and θ is the solar zenith angle.
Another expression that associates the actual operating condition and the standard test condition (STC) is given by: 
where k η is efficiency under specific STC conditions.
Based on Equation (5) and Equation (6) the actual efficiency is addressed as: 0.51
The amount of average deviation when Equation (7) is considered to calculate the photovoltaic efficiency is about 2% of the actual measured efficiency. It is evidence that Equation (7) can be used to predict the photovoltaic efficiency regardless region variation, environmental factors and season variation [37] .
Experimental Setup
This experiment is conducted in a single building in Minqin county. The lowest average solar radiation on the tilted surface of the local altitude is 13 MJ/m 2 while the peak solar irradiance is 15 MJ/m 2 .
The PV panels are fabricated by Xinsheng PV Technology Co. Ltd. A total of 10 monocrystalline silicon PV is utilized. The PV specifications are listed in Table 1. The overall DC of the batteries group is 24 V, the inverter efficiency is 80%, and the battery depth is 60%.
The list of the experimental instruments is presented in Table 2 followed by the schematic of the experiment setup Figure 1 . measurements are recorded. Figure 2 (a) presents the temperature for the entire week, and boxplot is adopted to present the measurements. Measurement ranged 1 st to 3 rd quartile is included within the box and the difference is known as the interquartile range (IQR). The minimum and the maximum are presented by whiskers below and above the rectangular respectively. Measurements that are three times or greater than the 3 rd quartile or three times the inter quartile range or lower than the 1 st quartile are designated outlier and plotted as red plus signs.
Experimental Analysis

PV Panel Inverter
Data logger What is interesting about the data in Table 3 is that at 0800 and 1900 0'clock in some days the (T pv ) measurements are lower than (T a ). This is mainly due to the influence of wind. Based on the experimental results, as shown in Figure 4 the minimum efficiency is 11.52% achieved during the 5 th day where the wind speed is ranged be- irradiance exceeds 800 W/m 2 , this due to the considerable increase of the photovoltaic surface temperature as shown in Figure 5 .
Conclusions
In this paper the influences of the environmental factors such as solar radiation, wind speed, and ambient temperature on the house-hold PV panel efficiency are This investigation is exclusively considered solar radiation, wind speed, and ambient temperature as an environmental factor, and future work should associate other factors such as humidity, rainfall, seasonal variation.
Investigating and analyzing the influence of the environmental factors on the 
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